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Evidence exists that individuals possess habitual ways of approaching tasks and situations
associated with particular patterns in cognitive processes including decision making, problem
solving, perception, and attention. Such approaches are conceptualized as cognitive style, a concept
first formally introduced by Allport almost eight decades ago and defined as an individual’s typical
or habitual mode of problem solving, thinking, perceiving, and remembering (Allport, 1937).
The popularity of the concept has since continued to grow, leading to a profusion of applied
research and commercial applications in such areas as business, management, and education. Such
levels of activity have led to the emergence of more than 70 identifiable models and measures
of cognitive (and learning) style (Coffield et al., 2004) and a plethora of related terminology,
constructs, and measures of style. Consequently, the field of style has become wildly confusing
to both researchers and practitioners, and, perhaps justifiably, has received weighty criticism, most
notably from Coffield et al. (2004). Following a broad and detailed systematic review of the most
popular models and construct measures, Coffield et al. (2004), together with others (e.g., Curry,
1987; Cassidy, 2004), issued a damning critique of style, noting the failure of the field to offer a
consensus on definitions and terminology, construct models and underlying theory, and valid and
reliable construct measurement. Such concerns present a major obstacle for continued research and
practice in the field.
Cognitive style focuses on the tradition of identification of styles based on individual differences
in cognitive and perceptual functioning (Grigorenko and Sternberg, 1995). As is common in
many areas of psychology where there is a need and desire to measure unobservable latent
constructs, the majority of style assessment methods rely on self-report measures rather than direct
objective observation of style-related behavior. The limitations of self-report questionnaire-based
measures are well-documented (e.g., Rayner and Riding, 1997) and are particularly pertinent to
cognitive style where the prevalent approach to measurement remains single method self-report
questionnaires (Cools, 2009). Study designs that utilize multiple methods, including psychometric
measures of style and more direct measures of style-based behavior, offer greater potential for
validating existing style constructs and construct measures (Cassidy, 2012). However, although
the application of a mixed methods approach has the potential to allay some of the limitations
associated with self-report questionnaires (Spratt et al., 2004), this approach has been largely
overlooked in cognitive styles research (Cools, 2009). One promising area is cognitive neuroscience,
with initial findings providing evidence suggesting that cognitive style is directly linked to brain
function and behavior. As cognitive style is assumed to reflect underlying cognitive function,
evidence linking specific patterns of neural activity to self-report measures of cognitive style would
support the validity of such psychometric instruments.
One of the first studies to provide evidence of such a link demonstrated that preferences for
visual or verbal cognitive styles were correlated with activity in anatomically and functionally
distinct brain regions associated with encoding pictorial (fusiform gyrus) and phonological
(supramarginal gyrus; SMG) stimuli, respectively (Kraemer et al., 2009). These findings suggest
that individuals who prefer to adopt a visual cognitive style engage inmental imagery of word-based
stimuli, and those with a preference for a verbal style show a tendency to verbally encode stimuli
even when presented with pictorial information. Further, the results suggest that modality-specific
cortical activity underlies processing in visual and verbal cognitive styles.
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In a more recent neuroimaging study, Shin and Kim (2015)
adopted a modified Stroop task (Stroop, 1935) to investigate
whether individual differences in cognitive style influence,
through differential responding to distracting information,
increases in neural conflict adaptation in brain regions associated
with cognitive control. It was evident that the greater the
preference for a verbal cognitive style, the greater the conflict
adaptation effect. This was especially true for congruent trial
types. Furthermore, functional magnetic resonance imaging
indicated increased neural conflict adaptation effects in task-
relevant brain networks as the preference for a verbal cognitive
style increased, suggesting that flexible cognitive control is
associated with an individuals’ preference for cognitive style
(Shin and Kim, 2015).
Whilst these neuroimaging studies are among the first
to provide evidence linking preferences in cognitive style to
differing patterns of neural activity, they have adopted the
visualizer–verbalizer dimension to characterize cognitive and
perceptual processing. Research focusing on this characterization
of style does not take account of other approaches to
cognitive and perceptual processing that reflect the second
superordinate orthogonal dimension of cognitive style, wholist-
analyst, proposed by Riding and Cheema (1991), that includes
field-dependent/field-independent (Witkin, 1962) and intuition-
analysis (Allinson and Hayes, 1996) approaches. Differences
in preferences along these dimensions may impact aspects of
cognition including visual attention such that eye-tracking and
visual search experiments may offer an additional avenue for
styles research.
Eye-tracking provides insight into the spatial and temporal
allocation of visual attention and thus holds promise for (1)
assessing how cognitive style may relate to which information
is prioritized during a visual task, and (2) how cognitive style
influences the moment-by-moment process of task completion.
Tsianos et al. (2009) demonstrated that visualizers looked more
at images whilst verbalizers focussed more on text. Mawad
et al. (2015) found that field-independent and field-dependant
scores related to which details were prioritized when inspecting
food labels. Such studies provide useful behavioral validation
for different models of cognitive style in relation to attentional
focus. However, we propose that greater insight can be gained by
assessing the location and temporal order of eye fixations during
task completion, as these can reveal how strategy unfolds over
time. This is possible because evidence shows that eye fixations
pick up information as and when it is used for task completion
(Hayhoe and Ballard, 2005). Within cognitive science many
studies have applied eye-tracking to understand strategy across
a range of tasks, including mental rotation (Just and Carpenter,
1976), visual search (Zelinsky et al., 1997), and comparative visual
search (Galpin and Underwood, 2005). However, the focus of this
work has been on general patterns in strategy aggregated across
participants, rather than individual differences. For example,
Galpin and Underwood (2005) demonstrated that observers
searched for differences between two pictures bymaking frequent
point-by-point comparisons until detecting a difference, upon
which the focus of attention narrowed and fixation durations
increased. However, no attempt was made to assess how this
strategy varied across participants. We therefore propose that a
fruitful line of enquiry would be to assess how such strategies vary
in accord with models of cognitive style.
The possibility of combining neuroimaging and/or eye-
tracking with visual search paradigms offers a promising avenue
for cognitive style research. Visual search tasks can investigate
the allocation of attention during task completion (i.e., Galpin
and Underwood, 2005; Bendall and Thompson, 2015) and
can be combined with neuroimaging techniques (Bendall and
Thompson, 2016). Novel non-invasive neuroimaging techniques
such as functional near-infrared spectroscopy (fNIRS) have been
successfully utilized in a range of cognitive science disciplines
(e.g., emotion science; Bendall et al., 2016), and offer a number of
advantages including reduced cost, the ability to be employed in
a wide range of tasks (e.g., during exercise; Lucas et al., 2012) and
enabling data collection from groups otherwise difficult to access
such as infants (Franceschini et al., 2007) and clinical populations
(Matsubara et al., 2014). These benefits allow for a greater
range of tasks to be investigated including those taking place
outside of the laboratory. Cognitive styles may be more evident
during natural behavior than laboratory tasks, thus portable
eye-trackers and fNIRS offer great scope for future research.
Further, techniques that do not rely on verbal report could better
reveal the development of styles through childhood. Adopting
such mixed methods approaches utilizing visual search tasks,
eye-tracking, as well as neuroimaging and electrophysiological
approaches allows the simultaneous investigation of both overt
strategy measures and underlying neural processing, and will aid
in revealing the contributions of both strategy and information
preference in determining task performance. For instance, it has
been argued that the use of event-related potentials can help
to reveal the precise information relating to the time course of
mental processing that occurs immediately after stimulus (or
task) onset (Vanlessen et al., 2016).
We also argue that future cognitive styles research would
benefit from not only adopting a mixed method experimental
approach, but also from investigating other dimensions of
cognitive style beyond the visualizer–verbalizer dimension. For
instance, it has been shown that individual differences in
brain structure and function are related to preferences in
field-dependence/field-independence (Hao et al., 2013) and that
field-dependence/field-independence is related to the type of
information that is prioritized (Mawad et al., 2015). However,
research adopting mixed methods to investigate wholist-analytic
dimension of cognitive style is limited.
Whilst some authors argue that cognitive styles are more
dynamic than static, so can change or alter (Zang, 2013), others
have presented evidence suggesting longer term stability and
resistance to modification (Clapp, 1993). Thus, the question of
how flexibly a style can be adapted if it is not working, or
if a particular mode of task performance is prevented, is not
fully resolved. For instance, what if preference for an analytic
approach to visual search is discouraged or leads to poorer
performance? We argue that an understanding of the underlying
neural activity and overt attentional activity will allow the
development of paradigms to disrupt preferred cognitive styles
and thus assess their flexibility. Initial work in this area has begun
Frontiers in Psychology | www.frontiersin.org 2 November 2016 | Volume 7 | Article 1786
Bendall et al. Cognitive Style: Time to Experiment
to demonstrate that disruption of cognitive style-related brain
activity can impact behavior. Targeted transcranial stimulation
of the SMG was able to impair performance on a task requiring
verbal processing where the scale of this effect was predicted
by an individuals’ level of verbal cognitive style (Kraemer et al.,
2014). One outcome of this line of enquiry may be that, for
most people in many scenarios, cognitive styles are habitual
modes of processing which can be adapted or over-ridden
depending on context. The ultimate aim of validation work in
the area of cognitive styles should be to measure behavior in
ecologically meaningful activities and settings. This is important
as it is plausible that abstract laboratory tasks may encourage
participants to focus unnaturally on their own performance
leading to artificial behavior that masks habitual cognitive style.
Fortunately, “in-the-field” studies are becoming more possible
due to advances in technology such as portable fNIRS equipment
or unobtrusive and head-mounted eye-tracking equipment. A
fully-rounded field of cognitive styles will therefore achieve an
understanding of their habitual manifestation, their flexibility
and the importance of context in their use. This is only possible
through mixed methods research.
A decade has passed since Coffield et al.’s (2004) heavy
criticism of the field of cognitive style, based—mainly—
on the questionable reliability and validity of self-report
psychometric construct measures so often utilized in the field.
Despite this, research adopting mixed measures remains scarce.
Recently a small number of studies have begun to adopt a
neuroscientific approach revealing important findings about
behavioral and neural correlates of cognitive style. However,
additional mixed methods experimentation is needed to validate
the construct of cognitive style, focusing only on those
construct measures that are considered valid and reliable, such
as the Cognitive Styles Index (Allinson and Hayes, 1996).
Additionally, the field stands to benefit from combining various
methodologies including neuroimaging and electrophysiology,
visual search paradigms, and eye-tracking, whereby information
about underlying processing and strategy can be gathered
simultaneously. We propose a particularly beneficial avenue for
future research moving beyond correlational designs and toward
causal experimental designs where disruptions to strategy and
processing can be investigated. Whilst mixed-methods afford
greater scientific understanding of cognitive styles, it is important
to appreciate the practical application of cognitive styles
measures in areas in which the need for efficient administration
of measurement tools may preclude complex techniques. We
are therefore not suggesting the adoption of in the field eye-
tracking or neuroimaging by practitioners. Rather, we offer
these techniques in response to previous research indicating
the need for further work in the area to validate psychometric
measures of cognitive style. Adopting the suggestedmulti-source,
multi-method approaches proposed here will provide a valuable
contribution in the field of cognitive style measurement.
AUTHOR CONTRIBUTIONS
RB, opinion concept, main conclusions, article drafting; AG, LM,
and SC verification of opinion concept, main conclusions, article
drafting.
REFERENCES
Allinson, C., and Hayes, J. (1996). The cogniitve style index. J. Manage. Stud. 33,
119–135. doi: 10.1111/j.1467-6486.1996.tb00801.x
Allport, G. W. (1937). Personality: A Psychological Interpretation. New York, NY:
Holt & Co.
Bendall, R. C. A., Eachus, P., and Thompson, C. (2016). A brief review of research
using near-infrared spectroscopy to measure activation of the prefrontal cortex
during emotional processing: the importance of experimental design. Front.
Hum. Neurosci. 10:529. doi: 10.3389/fnhum.2016.00529
Bendall, R. C. A., and Thompson, C. (2015). Emotion has no impact on
attention in a change detection flicker task. Front. Psychol. 6:1592. doi:
10.3389/fpsyg.2015.01592
Bendall, R. C. A., and Thompson, C. (2016). “Emotion does not influence
prefrontal cortex activity during a visual attention task. A functional
near-infrared spectroscopy study,” in 5th Annual International Conference
Proceedings on Cognitive and Behavioural Psychology (Singapore), 36–43. doi:
10.5176/2251-1865_CBP16.10
Cassidy, S. (2004). Learning styles: an overview of theories, models and
measures. Educ. Psychol. 24, 419–444. doi: 10.1080/01443410420002
28834
Cassidy, S. (2012). “Intellectual styles: measurement and assessment,” inHandbook
of Intellectual Styles: Preferences in Cognition, Learning and Thinking, eds L. F.
Zhang, R. J. Sternberg, and S. Rayner (New York, NY: Springer), 67–89.
Clapp, R.G. (1993). Stability of cognitive style in adults and some implications, a
longitudinal study of the Kirtonadaption-innovation inventory. Psychol. Rep.
73, 1235–1245. doi: 10.2466/pr0.1993.73.3f.1235
Coffield, F., Moseley, D., Hall, E., and Ecclestone, K. (2004). Learning Styles and
Pedagogy in Post-16 Learning. London: Learning Skills Research Centre.
Cools, E. (2009). A reflection on the future of the cognitive style field: a proposed
research agenda. Reflect. Educ. 5, 19–34.
Curry, L. (1987). Integrating Concepts of Cognitive or Learning Style: A Review with
Attention to Psychometric Standards. Ottawa, ON: Canadian College of Health
Services Executives.
Franceschini, M. A., Thaker, S., Themelis, G., Krishnamoorthy, K. K., Bortfeld,
H., Diamond, S. G. et al. (2007). Assessment of infant brain development with
frequency-domain near-infrared spectroscopy. Pediatr. Res. 61, 546–551. doi:
10.1203/pdr.0b013e318045be99
Galpin, A. J., and Underwood, G. (2005). Eye movements during search and
detection in comparative visual search. Percept. Psychophys. 67, 1313–1331. doi:
10.3758/BF03193637
Grigorenko, E. L., and Sternberg, R. J. (1995). “Thinking styles,” in International
Handbook of Personality and Intelligence, eds D. Saklofske andM. Zeidner (New
York, NY: Plenum), 205–229. doi: 10.1007/978-1-4757-5571-8_11
Hao, X., Wang, K., Li, W., Yang, W., Wei, D., Qiu, J., et al. (2013). Individual
differences in brain structure and resting brain function underlie cognitive
styles: evidence from the embedded figures test. PLoS ONE 8:e78089. doi:
10.1371/journal.pone.0078089
Hayhoe, M., and Ballard, D. (2005). Eye movements in natural behavior. Trends
Cogn. Sci. (Regul. Ed). 9, 188–194. doi: 10.1016/j.tics.2005.02.009
Just, M. A., and Carpenter, P. A. (1976). Eye fixations and cognitive processes.
Cogn. Psychol. 8, 441–480. doi: 10.1016/0010-0285(76)90015-3
Kraemer, D. J. M., Hamilton, R. H., Messing, S. B., DeSantis, J. H., and Thompson-
Schill, S. L. (2014). Cognitive style, cortical stimulation, and the conversion
hypothesis. Front. Hum. Neurosci. 8:15. doi: 10.3389/fnhum.2014.00015
Kraemer, D. J. M., Rosenberg, L. M., and Thompson-Schill, S. L. (2009). The neural
correlates of visual and verbal cognitive styles. J. Neurosci. 29, 3792–3798. doi:
10.1523/JNEUROSCI.4635-08.2009
Frontiers in Psychology | www.frontiersin.org 3 November 2016 | Volume 7 | Article 1786
Bendall et al. Cognitive Style: Time to Experiment
Lucas, S. J. E., Ainslie, P. N., Murrell, C. J., Thomas, K. N., Franz, E. A., and Cotter,
J. D. (2012). Effect of age on exercise-induced alterations in cognitive executive
function: Relationship to cerebral perfusion. Exp. Gerontol. 47, 541–551. doi:
10.1016/j.exger.2011.12.002
Matsubara, T., Matsuo, K., Nakashima, M., Nakano, M., Harada, K., Watanuki, T.,
et al. (2014). Prefrontal activation in response to emotional words in patients
with bipolar disorder and major depressive disorder. Neuroimage 85, 489–497.
doi: 10.1016/j.neuroimage.2013.04.098
Mawad, F., Trias, M., Gimenez, A., Maiche, A., and Ares, G. (2015). Influence
of cognitive style on information processing and selection of yogurt
labels: insights from an eye-tracking study. Food Res. Int. 74, 1–9. doi:
10.1016/j.foodres.2015.04.023
Rayner, S., and Riding, R. (1997). Towards a categorisation of cognitive styles and
learning styles. Educ. Psychol. 17, 5–27. doi: 10.1080/0144341970170101
Riding, R., Cheema, I. (1991). Cognitive styles: an overview and integration, Educ.
Psychol. 11, 193–215. doi: 10.1080/0144341910110301
Shin, G., and Kim, C. (2015). Neural correlates of cognitive style
and flexible cognitive control. Neuroimage 113, 78–85. doi:
10.1016/j.neuroimage.2015.03.046
Spratt, C., Walker, R., and Robinson, B. (2004). Mixed Research Methods.
Practitioner Research and Evaluation Skills Training in Open and Distance
Learning. Burnaby, BC: Commonwealth of Learning.
Stroop, J. R. (1935). Studies of interference in serial verbal reactions. J. Exp. Psychol.
28, 643–662. doi: 10.1037/h0054651
Tsianos, N., Germanakos, P., Lekkas, Z., Mourlas, C., and Samaras, G. (2009).
“An assessment of human factors in adaptive hypermedia environments,”
in Intelligent User Interfaces: Adaptation and Personalization Systems
and Technologies, eds C. Mourlas and P. Germanakos (Hershey, PA:
Information Science Reference), 1–18. doi: 10.4018/978-1-60566-032-5.
ch001
Vanlessen, N., De Raedt, R., Koster, E. H. W., Pourtois, G. (2016). Happy
heart, smiling eyes: a systematic review of positive mood effects on
broadening of visuospatial attention. Neurosci. Biobehav. Rev. 68, 816–837. doi:
10.1016/j.neubiorev.2016.07.001
Witkin, H.A. (1962). Psychological Differences: Studies in Development. New York,
NY: Wiley. doi: 10.1037/13128-000
Zang, L.-F. (2013). The Malleability of Intellectual Styles. New York, NY:
Cambridge University Press. doi: 10.1017/CBO9780511973055
Zelinsky, G. J., Rao, R. P. N., Hayhoe, M. M., and Ballard, D. H. (1997). Eye
movements reveal the spatiotemporal dynamics of visual search. Psychol. Sci.
8, 448–453. doi: 10.1111/j.1467-9280.1997.tb00459.x
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Bendall, Galpin, Marrow and Cassidy. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 4 November 2016 | Volume 7 | Article 1786
